Abstract -The work deals with habitats of Romulea bulbocodium and Romulea linaresii ssp. graeca in the southern Balkans. Both species appear in early spring ephemeral therophytic non-nitrophilous grasslands in regions under the influence of the Mediterranean climate. These communities are classified within the Romulion alliance, which encompasses such communities from the eastern Mediterranean area. It was established that the main climatic factor causing the diversity of these communities is seasonality in precipitation and temperature. Two associations are presented, as Lagopo-Poetum bulbosae and Romuleo graecae-Poetum bulbosae.
Introduction
In the early spring, from the end of February to the end of March, carpets of flowering plants belonging to the genus Romulea appear in areas under the influence of the Mediterranean climate (Fig. 1) . Later, at the end of April and beginning of May, when these species-rich communities are optimally developed for sampling, Romulea species are already in fruit and can no longer be identified. In summer, early spring ephemeral therophytic non-nitrophilous grasslands (ESETG) dry out due to the hot and dry Mediterranean climate. Only a few drought-resistant species can then be found, e.g., Achnatherum bromoides, due to C4 assimilation syndrome (PYANKOV et al. 2010) , and only green-grey remains of the colorful spring carpet. Romulea linaresii ssp. graeca is smaller than R. bulbocodium. It can be up to 5 cm tall with 1-2 dark violet-purple flowers ( Fig. 2B ) and is distributed only in the southern part of the Balkans and Turkey (e.g. STE [EVI] 2002 , ÖZDEMIR et al. 2007 , PETROVAand VLADIMIROV 2009 , BERGMEIER et al. 2011 , GUSSEV 2011 , RAKAJ 2011 .
There is lively interest in the taxonomical peculiarities and distribution of Romulea species in the Balkans but there have been only a few investigations dealing with the habitats of these species: ESETG (OBERDORFER 1954 , BOLÒS et al. 1996 . Sampling of these communities is rather difficult due to high biological and phenological diversity.
Grasslands are species-rich communities established over centuries of permanent grazing (KALIGARI^et al. 2006 , CATORCI et al. 2012 . As well as by grazing, grasslands in the Mediterranean area are also maintained by periodic fires (KAVGACI et al. 2010, TÜRKMEN and DÜNZENLI 2011) . In recent years, due to land use change (BRACCHETTI et al. 2012) , grasslands have become among the most threatened habitats (JANI [OVÁ et al. 2011 , VAS-SILEV et al. 2011 , since the communities often become overgrown (BARBERO and QUEZEL 1976,^ARNI et al. 2010) . OBERDORFER (1954) sampled such habitats in 1944 in the areas around Thessaloniki, southern Macedonia, Thrace, Thessaly, Attica and close to Corinth. He designated these communities that are mainly dominated by Poa bulbosa ssp. div. and which can be found on fresh, fine argillous soils around intensively grazed places. He described the alliance Romulion within this framework. He also stated that such vegetation is rarely found on limestone since Cisto-Micromerietea vegetation mainly appears there. BOLÒS et al. (1996) later also elaborated such habitats on Cephalonia (Ionian islands, Greece).
In addition to ESETG found in areas under the influence of the Mediterranean climate, other types of therophytic grasslands exist in more continental parts of the Balkans (e.g., in Bulgaria and the Republic of Macedonia). These communities are classified within Trifolion cherleri. The classification of the latter alliance into higher rank syntaxa is still under consideration, since they mediate between the group of (sub-) Mediterranean therophytic grasslands (Helianthemetea) and more continentally influenced perennial grasslands (Festuco-Brometea) (MICEVSKI 1970 , TZONEV et al. 2009 ). There are even discrepancies at the association level, for instance within Erysimo-Trifolietum (MICEVSKI 1977, SOPOTLIEVA and APOSTOLOVA 2007) .
There is a well recognizable climatic gradient in the southern Balkans: Mediterraneansub-Mediterranean -continental, which provides the opportunity to study in detail the turn-over of plant species and communities under changing climatic conditions (]U[TEREV- SKA et al. 2012) . RODWELL et al. (2002) defined the alliance Romulion as eastern Mediterranean ephemeral vegetation on humid salty soils. They place this alliance within Saginetea maritimae, a class of ephemeral vegetation with winter annuals on bare or disturbed salt-marsh mud and sand.
The aim of the study was to sample ESETG in the southern Balkans and define the habitats of Romulea species in the region. We have tried to present in the paper the floristic composition of communities and to analyze their structural and choraological spectrum. We have determined the most important climatic factor for diversity within communities and correlated it with their geographical distribution. We have attempted to discover the ecological and syntaxonomic position of ESETG and have performed a nomenclatural revision of these syntaxa.
Material and methods
The research area was the southern part of the Balkans (Fig. 3) . According to the Map of Natural Vegetation of Europe (BOHN et al. 2003) , the northern part of the area in which Romulea species appear lies in the zone of thermophilous deciduous broadleaved forests (Carpinus orientalis-Quercus pubescens zone), whereas the southern part along the Aegean coast lies in the zone of Mediterranean evergreen forests dominated by Quercus ilex. The northern limit of growth of Romulea species corresponds to the northern boundary of thermophilous deciduous broadleaved forests as defined by HORVAT et al. (1974) and the distribution of Quercus coccifera scrub or forest (OBERDORFER 1947) .
The climatological station in Valandovo (southern part of the Republic of Macedonia) reports that there is 611 mm mean annual precipitation and the mean annual temperature is 14.6°C; in Thessaloniki, on the coast, there is 458 mm of mean annual precipitation and a mean annual temperature of 15.8°C. In both stations, the highest peak of precipitation is in November with a less pronounced peak in May in Valandovo and in March and May in Thessaloniki (MATEVSKI and^ARNI 2003) .
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ACTA BOT. CROAT. 73 (1), 2014 3 . Distribution of communities: communities with Romulea bulbocodium are distributed in the inland part and represented by full circles; communities with Romulea linaresii ssp. graeca are distributed in coastal areas and represented by empty circles. In the map two layers generated through interpolation of climate data stored in WorldClim database are presented. The numbers in BIO 4 present the coefficient of variation as standard deviation of the weekly mean temperatures expressed as a percentage of the annual mean, in this case multiplied by 100, whereas BIO 15 also presents the coefficient of variation as previously, although in this case precipitation is multiplied by 10 (HIJMANS et al. 2005 ).
The characteristic species of individual groups were determined by calculating the species' fidelity and they are presented in the analytic table (Tab. 1). The phi coefficient was used as a fidelity measure and calculated in the JUICE program. The threshold phi value (multiplied by 100 in the JUICE program) for species to be considered characteristic was set at 40 (CHYTRÝ et al. 2002) .
All the climatic data available in the WorldClim database (HIJMANS et al. 2005 , available at http://worldclim.org/) were extracted for each sample plot. Before elaboration, we firstly performed detrended correspondence analysis (DCA) of data and discovered that the gradient is less than 3 SD, indicating linearity, and we therefore used prinicipal component analysis (PCA) and redundancy analysis (RDA) in further analysis. Since climatic data were provided from an external source and not from a species inventory of ESETG (such as life forms and chorotypes), RDA was used to test the possible effect of climatic variables on vegetation composition. (WEBER et al. 2000) .
Results
ESETG appear in areas under the influence of the Mediterranean climate (Fig. 3) . Their northern limit corresponds to the distribution area of Quercus coccifera. ESETG appear in the coastal region of the Aegean Sea and in the interior along the rivers Struma and Strumica, where the influence of the Mediterranean climate can penetrate into the continent. ESETG do not appear in either agricultural areas or forests, only in areas with extensive grazing. They cannot therefore be found in the fertile plains along the Strymonas or Axios rivers, but appear generally on the edges of these areas, where grazing is still maintained.
The dendrogram (Fig. 4) shows two well defined groups of communities. The first represents ESETG in which Romulea bulbocodium appear. These communities thrive in the interior part of the area and are co-dominated by Carex divisa, Plantago lagopus, Poa bulbosa, Trifolium subterraneum and Tuberaria guttata. Romulea linaresii ssp. graeca appears in the other group of ESETG. These communities are found along the coast of the Aegean Sea and are co-dominated by Plantago lagopus, Poa bulbosa, Trifolium cherleri and Vulpia ciliata.
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ACTA BOT. CROAT. 73 (1), 2014 Since the topological variables and management are fairly unique throughout the region, we tried to identify the main factor within all the climatic factors that causes the diversity of communities. We tested the significance of climatic data from WorldClim database. Since the significance of the following variables was low (p=0.001), they were excluded from analysis: annual precipitation, isothermality, annual mean temperature, mean temperature of warmest quarter, mean temperature of wettest quarter, max temperature of warmest month and mean temperature of driest quarter. These variables mainly sum up annual averages. The results show that the most important climatic feature that enables the diversity of ESETG in the region is pronounced changes in precipitation and temperature i.e. seasonality (Tab. 2). Higher precipitation seasonality can be found in the coastal regions, where there is pronounced summer hydric stress, which is less pronounced in the interior. Precipitation of the warmest quarter is higher in the interior, more precipitation can be found on the coast in the wettest period (i.e., autumn) (graph not presented in the text). Precipitation is more evenly distributed in the interior (Fig. 5) . The situation is the opposite with temperature, with which seasonality is more pronounced in the interior, where lower temperatures are found during the winter. Among significant variables are the minimal and mean temperature of the coldest month and quarter, respectively. This shows that the diversity of ESETG is also caused by cooler winter temperatures (Tab. 2, Fig. 5 ).
Structural analysis showed that communities in the coastal area contain more therophytes (e.g., Briza maxima, Urospermum pycroides, Hedypnois rhagadioloides, Galium murale) (Fig. 6A) . On the other hand, hemicryptophytes and chamaephytes are more abundant in the interior (Scleranthus verticillatus, Carex caryophyllea, Rumex acetosella).
In terms of chorological spectrum, there are more species with a Mediterranean distribution pattern (e.g., Galium murale, Hedypnois rhagadioloides, Velezia rigida) in the coastal communities, whereas Euroasiatic species are more common (Carex caryophyllea, Rumex acetosella, Filago arvensis) inland (Fig. 6B) .
It was decided to assign the plant communities elaborated to two associations. Communities from the interior part of the region in which Romulea bulbocodium appears were classified as Lagopo-Poetum bulbosae and the other one, found in the coastal region, as Romuleo graecae-Poetum bulbosae. Diagnostic species as well as typification are given in the section nomenclature.
Discussion
Mediterranean vegetation is limited to the north, with a continental climate dominating the continental parts of the Balkans. The main climatic factor preventing penetration of Mediterranean vegetation into the interior of the Balkan Peninsula is winter frosts MATEVSKI 2005, MEDAIL and DIADEMA 2009) . At the same time, the Mediterranean climate, with summer droughts, is a strong ecological filter that does not allow continental flora to settle in the region (FILIBECK et al. 2012 ).
ESETG, often dominated by Poa bulbosa, can be found mainly on fresh fine clay soils on intensively grazed sites around settlements. Such vegetation is rarely found on carbonate bedrock, since erosion and degradation is faster (OBERDORFER 1954) . It can be found on carbonate bedrock only in places (e.g., in the bottom of valleys) where colluvium offers a ref-uge for these communities. Garrigue dominated by Cistus creticus is often found around these stands (^ARNI et al. 2010) .
The vegetation growth of these communities correlates with the annual precipitation regime. Germination of spring annuals and growth of most perennials begins soon after the first autumn rains. Growth is fairly slow during the winter months but vegetation is usually well established by February. Growth is fast in spring, with the peak of growth and seed set in May-June. By the end of June, most of the herbaceous vegetation is dry and the seed dispersed. Summer species, in this case C4 grasses, such as Achnatherum, Bothriochloa, Chrysopogon, grow during the summer and seed in September-October (PÉREZ-CAMACHO et al. 2012) .
Analysis of climatic variables derived from WorldClim database shows that they are the most important variables for explaining the variance among ESETG (60%) and are highly correlated (Tab. 3). It must be borne in mind that the Mediterranean climate provides a climatic envelope for ESETG on the large scale (GILINGHAM et al. 2012) . On a smaller scale, the analysis showed that the most important factor for the variability of ESETG within the research area is seasonality. Variables that give information about average climatic conditions (mean temperature and precipitation) are of fairly low importance. Inter-annual changes in precipitation and temperature also appear to be responsible for variability in other grazed herbaceous communities (ZHANG et al. 2011 , LOHMANN et al. 2012 ).
The RDA diagram shows that the highest seasonality of precipitation is within ESETG in which Romulea linaresii ssp. graeca appears and the lowest within that with Romulea bulbocodium. The situation is the reverse with temperature (Fig. 5) .
Temperature seasonality (Fig. 3) is lowest on the coast of the Aegean Sea and at higher altitudes (ESETG do not appear there). On the other hand, precipitation seasonality is highest in the coastal area and diminishes gradually towards the continent (Fig. 3) .
In the analysis of climatic variables, two outliers differing from the result of the classification (Fig. 4) , can be found, relevés 19 and 20 in table 1. Both species of Romulea appear in these relevés. They were sampled above Lake Volvi (Chalkidiki, Greece) and the proximity of the lake probably influences the local climate.
The life forms spectrum shows the Mediterranean character of ESETG. In these communities, therophytic species form 65 % of the floristic inventory of inland (Romulea bulbocodium) communities and 73 % of coastal (Romulea linaresii) communities. Comparison with similar therophytic grasslands from Bulgaria (SOPOTLIEVA 2009) and the Republic of Macedonia (]U [TEREVSKA et al. 2012) showed that there are 47 % of therophytes in such grasslands in Bulgaria and 53-64% in those of the Republic of Macedonia.
More therophytes can be found in the coastal communities, where summer drought is more pronounced. Summer drought is a limiting factor for perennials but they can extend their biological activity if water is available (PERÉZ-CAMACHO et al. 2012 ). More evenly distributed precipitation gives an advantage to perennials in inland communities. More elements of perennial dry grasslands from the class Festuco-Brometea can be found in the inland communities (Tab. 1).
Analysis of chorotypes (geo-elements) showed that 66% of species with a Mediterranean (in the widest sense) distribution pattern appear in coastal communities and 59 % in inland communities. Comparing these data with regions with more pronounced continentality (SOPOTLIEVA2009, ]U [TEREVSKAet al. 2012) , it can be seen that there are 41% of Mediterranean species in Bulgarian communities and 46-53% in those of the Republic of Macedonia. This indicates that Mediterranean are quite different from continental communities. Relevés of such communities further to the south have not been published but similar therophytic communities of olive grove grassland show 65 % of Mediterranean species (^ARNI and MATEVSKI 2005) .
In a comparison with the synthetic table made by OBERDORFER (1954) in the same region, many differences in the floristic composition of ESTEG can be found. However, these differences are very difficult to evaluate since changes appear in the management regime (abandonment), climatic changes, sometimes even differences in taxonomical concepts. In the period 1950-1999, precipitation decreased and summer temperatures rose in the eastern Mediterranean (NASTOS et al. 2013 ) while land use change and abandonment of traditional agriculture is one of the crucial problems in the Mediterranean landscape (BAJOCCO et al. 2012) .
Nomenclature OBERDORFER (1954) classified ESETG within the order Helianthemetalia and class Thero-Brachypodietea. The class Thero-Brachypodietea is nowadays limited to Mediterranean perennial pseudosteppe communities (RODWELL et al. 2002) -Bl. et al. 1940 (RODWELL et al. 2002 , ALLEGREZZA et al. 2006 , FANELLI et al. 2010 , RIBEIRO et al. 2012 ).
It would be also possible to classify the alliance Romulion -within the class Poetea bulbosae and order Poetalia bulbosae, which is found in Mediterranean and sub-Mediterranean heavily grazed pastures, trampled and manured by sheep (RODWELL et al. 2002 , FARRIS et al. 2010 known till now only from the western Mediterranean region (CANO et al. 2007 ). As there appear climatic and floristic differences, the possible occurrence of these syntaxa in the eastern Mediterranean region should be studied in the future. ESETG cannot be classified within the class of ephemeral vegetation with winter annuals on bare or disturbed salt-marsh mud and sand Saginetea maritimae, since no halophilous plant species appear (e.g., TOMASELLI et al. 2011 ) and classification of the alliance Romulion in the list of alliances (RODWELL et al. 2002) should be reconsidered.
ESETG should be classified within the alliance Romulion, as proposed by OBERDORFER (1954) . However, at first glance, OBERDORFER (1954) mentions only Poa bulbosa (that means a typical subspecies and not subspecies timoleontis) in list 1 (»Liste I«) as the dominant species of »Lagopeto-Poetum timolentis« and »Tortileto-Poetum timoleontis«, which would cause an invalid publication of the associations and, consequently, the alliance (ICPN, art. 3f, 8) . However, according to THEURILLAT (pers. com.) , OBERDORFER (1954: 88) says about synthetic lists 1-3 (»synthetische Listen I-III«) »... Brachypodium ramosum oder B. phoenicoides treten vollkommen zurück und werden durch Poa bulbosa (div. ssp.) oder Stipa tortilis ersetzt.« It is true that in »List I« Poa bulbosa is indicated as a species but in the other two lists (»Liste II« and »Liste III«), it is »Poa bulbosa coll.«. We would therefore be inclined to consider that a printing error occurred in the first list and that here, too, it should be interpreted as »Poa bulbosa coll.« (including also the subspecies timoleontis) on the basis of what is said on page 88. In this sense, Oberdorfer would use the name of the aggregate species in the list (Poa bulbosa coll.) but, on the other hand, would use a more narrowly defined taxon in the association name (Poa bulbosa ssp. timoleontis). From the point of view of articles 3f and 43, both association names can thus be considered formally to be validly published, and so also the alliance name Romulion Oberdorfer 1954.
The correction of the name »Romulion« to »Romulion graecae« by BOLÒS et al. (1996) cannot be accepted. Names such as »Romulion« should stay without the addition of a specific name, since there is no rule in ICPN about the correction of these names, and recommendation 10C cannot be applied.
Romulion Oberdofer 1954
Lectotype: Lagopo-Poetum bulbosae Oberdorfer 1954 Oberdorfer corr.^arni et al. 2014 The critical point of consideration of the nomenclature is the doubtful appearance of Poa bulbosa ssp. timoleontis (i.e., Poa timoleontis) in communities in the research area. During the field survey carried out in the southern part of the Republic of Macedonia and around Thessaloniki in Greece, we could not confirm Poa bulbosa ssp. timoleontis as appearing in the communities under consideration; only Poa bulbosa s. str. was identified. Since the area of research and also the species composition match Oberdorfer's »Lagopeto-Poetum timoleontis«, it was decided to correct the name of »Lagopeto-Poetum timoleontis« to Lagopo-Poetum bulbosae, on the basis of art. 43 of ICPN. We have not corrected the name of »Toriletum-Poetum timoleontis« appearing further to the south, since Poa timoleontis may appear there.
Lagopo-Poetum bulbosae Oberdorfer 1954 Oberdorfer corr.^arni et al. 2014 nom. corr. hoc loco Neotype: Tab. 1, rel. 5 -neotypus hoc loco. Diagnostic species: Achillea coarctata, Alyssum desertorum, Carex caryophyllea, Poa bulbosa, Romulea bulbocodium and Teucrium capitatum. Ecological conditions: early spring ephemeral grasslands in the regions with less pronounced summer hydric stress.
Oberdorfer described this community under the name »Lagopeto-Poetum timolentis« [recte: »Lagopeto-Poetum timoleontis«]. Since the genus Lagopus has been validly published, the name »Lagopeto-Poetum timoleontis« must be maintained according to art. 14, and corrected to Lagopo-Poetum timoleontis Oberdorfer 1954 according to art. 41. At the same time, we would like to add a comment to the name »Tortileto-Poetum timoleontis«. Since no genus »Tortilis« exists, this must mean Stipa tortilis (art. 14), and the name should be corrected with the genus Stipa, i. 
Conclusions
ESETG are typical elements of Mediterranean landscapes that are maintained by traditional land use. Since these are among the most diverse habitats in the region, the class Heliathemetea and alliance Romulion for the eastern Mediterranean, respectively, therefore also deserve to be listed in syntaxonomic interpretation manuals of the Habitat Directive among habitats 6220 Pseudosteppe with grasses and annuals of the Thero-Brachypodietea (FARRIS et al. 2007 , BIONDI et al. 2012 .
